Germline speci®c point mutations in the gene encoding ®broblast growth factor receptor 3 (FGFR3) are associated with autosomal dominant human skeletal dysplasia and craniosynostosis syndromes. Mutations identical to the germinal activating mutations found in severe skeletal dysplasias have been identi®ed in certain types of cancer: at low frequency in multiple myeloma and cervix carcinoma and at high frequency in bladder carcinoma. We analysed, by SSCP and sequencing, the prevalence of FGFR3 mutations in 116 primary tumours of various types (upper aerodigestive tract, oesophagus, stomach, lung and skin). The regions analysed encompassed all FGFR3 point mutations previously described in severe skeletal dysplasia and cancers. No mutations were detected in the tumour types examined, suggesting that FGFR3 mutations are restricted to a few tumour types, the evidence to date suggesting that they are very speci®c to bladder carcinomas. Oncogene (2001) 20, 5059 ± 5061.
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Keywords: FGFR3; growth factor receptor; carcinoma; oncogene Fibroblast growth factor receptor 3 (FGFR3) belongs to a family of structurally related tyrosine kinase receptors (FGFR1 ± 4) that regulate growth, dierentiation, migration, wound healing and angiogenesis (Johnson and Williams, 1993; Robertson et al., 2000) . These receptors are glycoproteins composed of two or three extracellular immunoglobulin-like domains, a transmembrane domain, and a split tyrosine-kinase domain. Binding to members of the ®broblast growth factor family induces FGFR dimerization, resulting in autophosphorylation of the kinase domain and interaction with and phosphorylation of signalling proteins.
Alternative mRNA splicing mechanisms generate many receptor isoforms, diering in ligand speci®city. Isoforms FGFR3b and FGFR3c have dierent tissue distributions; for example, FGFR3b is the main form in epithelial cells whereas FGFR3c is the form found in chondrocytes (Delezoide et al., 1998) .
Speci®c point mutations in dierent domains of FGFR3 are associated with autosomal dominant dwar®sm and craniosynostosis syndromes such as hypochondroplasia, achondroplasia, severe achondroplasia with developmental delay and acanthosis nigricans (SADDAN), thanatophoric dysplasia, Crouzon syndrome with acanthosis nigricans, and coronal craniosynostosis (Tavormina et al., 1999; Robertson et al., 2000) . Several reports have demonstrated that these mutations lead to constitutive activation of the receptor (Naski et al., 1996; Webster and Donoghue, 1997; Tavormina et al., 1999) .
In contrast with this inhibitory role on bone growth, an oncogenic role has been proposed for FGFR3 in multiple myeloma. A t(4;14) (p16.3; q32.3) chromosomal translocation with breakpoints on 4p16 located 50 ± 100 kb centromeric to FGFR3 is present in a subset of multiple myelomas and is associated with overexpression of FGFR3. In rare cases (one primary tumour and two cell lines) point mutations activating FGFR3 have been found to be associated with the translocation (Chesi et al., 1997; Richelda et al., 1997; Fracchiolla et al., 1998) . We recently provided the ®rst evidence that FGFR3 is involved in epithelial malignancies by identifying, in bladder and cervical carcinomas, somatic mutations of FGFR3 identical to the activating mutations responsible for thanatophoric dysplasia (Cappellen et al., 1999) .
In this study, we investigated the oncogenic role of FGFR3 in other carcinomas by assessing the prevalence of FGFR3 somatic mutations in a series of 116 primary tumours consisting of 27 upper aerodigestive tract, 32 oesophagus, 15 stomach, 21 lung and 21 skin carcinomas (Table 1) . Tumour cells were isolated by manual microdissection from formalin-®xed and paran-embedded tissue. We used single strand conformation polymorphism (SSCP) and sequencing to analyse the four regions of FGFR3 located in exons 7, 10, 15 and 19, known to harbour the point mutations (R248C, S249C, G370C, S371C, Y373C, K650M/E, J807L/G/R/C/W) previously described in multiple myeloma, bladder and cervix carcinomas, thanatophoric dysplasia and SAD-DAN (Figure 1) .
None of these mutations of the FGFR3 gene were detected in the 116 carcinomas analysed. Controls carrying known mutations were included in our analysis to ensure that it was possible to detect the dierent FGFR3 mutations in the SSCP conditions used.
In the course of our mutational study, we detected four single nucleotide polymorphisms in the FGFR3 regions examined. Two of these polymorphisms had been reported before: the T?C substitution at the ®rst position of codon 384 in exon 10 leading to a Phe?Leu aminoacid substitution (Fracchiolla et al., 1998) , and the silent A?G substitution at the third position of codon 651 in exon 15 (Wu et al., 2000) . The two remaining single-nucleotide polymorphisms had not been identi®ed before: a silent G?A substitution The FGFR3b isoform, which is expressed in epithelial cells, contains two more amino acids than the FGFR3c isoform, which is expressed in bone. Isoforms FGFR3b and FGFR3c result from a mutually exclusive splicing event in which the second half of the juxta-membrane Ig-like domain of FGFR3 is encoded by either the 151 nucleotides of exon 8 or the 145 nucleotides of exon 9 (Murgue et al., 1994) . Therefore the G370C, Y373C, and K650E mutations in TD are equivalent to the G372C, Y375C and K652E mutations respectively in carcinomas Germinal point mutations resulting in FGFR3 activation are responsible for dwar®sm syndromes. Surprisingly, similar FGFR3 mutations have also been implicated in tumorigenesis. Somatic FGFR3 mutations identical to those found in thanatophoric dysplasia (neonatal lethal dwar®sm syndrome) and a related genetic disease SADDAN were shown to be associated with rare cases of multiple myeloma (Chesi et al., 1997; Richelda et al., 1997) and more recently with bladder and cervical carcinomas (Cappellen et al., 1999) . The frequency of FGFR3 mutations is high in bladder tumours (36%, Billerey et al., 2001; 41%, Sibley et al., 2001; 47%, van Rhijn et al., 2001) , and lower in cervical tumours (3 of 12 in our ®rst study (Cappellen et al., 1999) , 1 of 51 and 0 of 104 tumours in the studies of Wu et al. (2000) and Yee et al. (2000) ).
In this study, we examined the prevalence of thanatophoric and SADDAN dysplasia-type mutations in carcinomas of various types (upper aerodigestive tract, oesophagus, stomach, lung and skin) and found no mutations among the 116 primary tumours examined. These ®ndings suggest that these activating mutations are not common events in these carcinomas. A high proportion (25 ± 60%) of bladder cancer and some cervical carcinomas are related to tobaccosmoking (Cohen and Johansson, 1992) . The absence of FGFR3 mutations in lung, upper aerodigestive tract and oesophagus cancers indicates that FGFR3 mutations are not present in all smoking-related cancers. To date, FGFR3 mutations have been found to occur only in two genitourinary carcinomas, occurring with a particularly high frequency in bladder cancer. This is not the ®rst case of a particular oncogene restricted speci®cally to one or a few types of carcinoma. For example, somatic mutations of RET are found mostly in cases of thyroid cancer and the frequency of K-ras mutations is particularly high in lung, colon and pancreatic cancers. Urothelium is an epithelial structure with two functions: it helps to ensure smooth urinary¯ow, and constitutes a barrier against aggression. The high frequency of FGFR3 mutations speci®c to bladder carcinomas suggests that FGFR3 ful®ls an important but as yet unknown function in this epithelium.
